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AN IMPULSEELECTRICMOTORFORDRIVINGRECOFC3TNGINSTRUMENTS.*

By W. F. Joachim.

Sunmwry-

, Thechiefpurposeinundertakingthedevelopmentof thissyn-.m.

chronousmotorwasthecreationof a verysmall,compactpower
.

source,capableof drivingthefilmd~ms of therecordingair–
? —

craftinstrumentsdesignedby thestaffof tLelTationalAdvisory

CommitteeforAeronautics.

Theworkingpartsof themoto~azefew2u3simple.Theycon-

sistof fourspooltypefieldcoils,a reciprocatingarmature,&

ratchetwheelandtwopawls. Ta5fieldcoils,operatinginpai.zs}.

alternatelypullthearmaturefmm Guepai~of polefacesto tine

other.pair.~is reciprocating~notion’istransmittedto theTatch-__

etwheelthroughthetwopawls,motionin eithe~directionproduc-.—
inga positiveadvanceof thewheel. RotatiGnof a veryregular ~.

.
● characteris thus

.: Themotoris

inchhigh,witha—

secured. .

1 3/8incheslong,1 3/16incheswideand7/8

volumeof 1.43cubucinches,anda weigh-tof .
,165pound(75gins,). Itproducesapproximately6.0x 10-sHP,

withan efficiencyof 1.0per cent. Thespeedrangeis f:?om --
*Takenfrom“Journalof theFranklinInstitute,”August,“!:’23.
Communicatedby Dr.JosephS.Ames,Director,OfficeofAoyU~:l~,~j-‘“=.

m calIntelligence,NationalAdvisoryCommitteeforAezo~.~ut~c:;,●

andAssociateEditorof thisJournal.
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0 to 35 R.P.M+$thetorquebeing-234pound-inch(269.6g.-cm.)a~ ....-—

thelowerspeedswith8 voltsapplied.

Duetoitssmallsizeandlightweight,itsinherentS1OWspeed

andpropertyof absolute

welladaptedto aircraft

of powersourcemayalso

synch~onization,themotorisparti.c-~krly

instrumentwork. Applicationof thiszj’pe

be madeto automaticzecordinginst~’~fients

of allkinds,to

ofmovement,and

indicatingdevicesreqy.irxngabsolutePTec:~~~~~.... ._ .=

to remotecontrolwo~k. .-.-

Introduction.—. .—

Thespecificproblemwhichwasresponsibleforthedevelo~m~nt....

of thisdirectcurrentsynchronousw~t~r~I=S ~:=tof drivingthe ._

filmdru of“aninstrumentcalledthesunIzymographc

Therequirementsof thisinstrumentayefu~~-fold:First,the ._

drivemustbe slowspeed;seccnd,therotationmustbe uniformand

regular;third,thepartof thedriveattachedto theinstrument

nmt be small, compactandIiglltin~ei@t; andfourthytheconnect-=.

i.nglinkbetweentheinstrument

. To meettheserequirements

1 andtwotypesof smallelectric

andairplanemustbe flexible.

threeformsofmechanicaldrives~

motorswe~einvestig~tedandt~ied.

MethodsandApparatus. ..

Themechanicaldrivesinvesti@tedcons$st~of flex~t’~e~~.~le.s.

whichreceivedtheir,powerfroma

P. thefloorof theairplane.These

.
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dr~ througha smallclutchattachedto theinst~ent.

Thethreeformsconsisted,first,of a solidwireenclosedin.,
a flexiblehousing;second,of a stan~,rdVan Sicklentachometer

cableandhousing,andthirci,of a doubleopposedspringcable

(VanSicklen),withouta housing,butguidedat intervalsby rings-.
TheresultsobtainedwiththeseCrj.reswe~eunsatisfac’~ory~

Dueto theslowspeedrequired,whichcauseda spasmodicsticking

andreleasingof thecablewithinitshousingOr gpidingrings, .-=
●

allthreetypesimparteda veryirr.eqularrotationto thefilmdrum.-”
. Theflexibilityof thesedriveswasalsoinadequatefor.

involved.

Thefirsttypeof electricdriveinve~tig~tedvva~

cyalternating-currentmotor. Thiswasbuiltverymuch

thework

low-frequen-—..
likea

standarddirect-currenttelephonerelay. Itd&pendedforitsaction_,

on thecyclicattractionof a smalllaminatedbararmaturetoand

froma pairofspooltypecoilmagnets.A springpa?vltransmitted_

thereciprocatingmotionof thearmatureto a ratchetwheel.,

A secondformof alternatingcurrentmotor,similarin con- ,

structionandprincipleto thepolarizedrelayor thealternating -—
currentbellringer,wasalsoinvestigate~.As in thefirstforma
of thistypeof motor,a pawltransmittedtheoscillatingmotiomof_.
thearmatureto a ratchetwheel.

Bothof thesemotorsoperatedfairlywellwithverylightZoads.—
Buta loadequalto thatOf-afilmdrumretardedthearmatme\n.ffi-

fl cientlytodestroythesynchronismbetweenarmatureanduw.~jme::.:*
flux●
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In thesecondformof motor,itwasparticularlynoticedthat _

thefrequencyof thealternatingcurrenthad to coincideexactly

withthenaturalperiodof theoscillatingpartsforthemot@Tto_.

function.Alsothestartingtorqueof themotorwasverylowsand

theefficiencyof bothmotorswaslessthanone-twenty--fifthof

onepercent.Hencethesetwoelectricdri~eswerealso”inaCeqdate

andunsatisfactory*
,

Thesecondand successfultypeof electricdriveinvestigated
. wasbuiltmuchlikea standardtelephonerelay,buthaddoubleop-

posedelectromagnets.Thesealternatelypulledthearmaturefrom ._.

onepaizofpolefacestotheother. Thisreciprocatingmotion

wastransmittalto theratchetwheelthrougha pawl,powerbeing

directlyimparted

Thisformof

therebeingsixty

etwheel.

in onlyonedireclior..

motorgavea somewhatintermittentrotation,

separateimpulsesforonerevolutionof theratch--

,

Thefinalformof themotor,however,utilizesthemotionof

thearma~re in eitherdirectionto givea Positiveadvanceto the

wheel. Thiswasaccomplishedby twOpawlsactingon oppositesides

of theratchetwheelas shownin Figs.1 and2. Therotationse-
)

curedin thismannerisveryregular,therebeing480continuous

andco~ect~ Powerstrokesforonerevolutionof thewheel.

SinceitmaYnotbe fullYaPParent,fromtheforegoingbrief .

~escription,howa reciprocatingarmaturecanimpartdefinj.teuni- _

directir.~~power‘trokes‘0 a ‘atchetwheela detaileddescriph.on*.
of theoperationfollows.

.
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Referringto Fig2, it willbe seenthattheratchetwheelro-

tatesabouta verticalaxispassingthrough

alsothatitliesabovethefieldpolesand

andbetweenthetwopawls,whichlatterare

thecenterof themotor;

reciprocatingarmature,

mountedinbracketsat

eitherendof thearmature.Thearmatureis supportedbytwoleaf ‘.-—..
springsfixedin thebaseand is returned,liythesespringsfrom,--
eitherpairofpolefacesto”aneutralpositionhalf-waybetween

them.

Thehovingpartsof themotorconsistof thearmature,thetwo

pawlsandtheratclietwheel. Thereareno connectingrodsorbell,
.,.

cranks.

Assumingnowtheleftelectroma~etto be energized,theae

tionfromtheneutralpositionis as follows~ .
Theamatur~is p~lledtotheleftuntilitreachesthepole

facesof theleftelectromagnet.Duringthismotion,pawl A has

rotatedthewheelclockwiseone-quakterof a tooth.At thesame

timepawl B hasratchetedbackin a counter-clockwisedirection

one-quarterofa toothandhasdrop@i intopositionbehindthe

toothoverwhichithasjustmoved. Thearmatureisnowimposit-

ion fora completepowerstrokefromlefttoright.

As~ihg theleftelectromagnettobe de-energized,thearm-

turespringsstartto rethrnthearmatureto’the

Thisactiondoesnotrotatethewheelunderload

takeup theslightplaybetweenpawl B andthe

wheelonwhichit isnowexertingsomepressure.

neutralposition.

but servesonlyto

threeteethof the
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Approximatelyone-sixtiethof a secondelapsesduringtheabove--—..—

action,afterwhichtherightelectromagnetis energized. — .—.
.

Thearmatureis nowpulledto therightuntilit reachesthe

polefacesof therightelectromagnet.Duringthismotionpawl E——
rotatesthewheelclockwise,as before,one-halfa tooth.At the

sametimepawl A is.ratchetedcounter-clockwisealsoa halftooth.

Sincethewheelhasbeenrotatedclockwisea halftoothandpawl A _

movedcounter-clockwisea halftooth,itwillbe seenthattherel-

. .ativemotionbetme~nthe

Therefore,paml A.

whichithasjustmoved.

‘a@ thearmaturebrought

rightto left.-

twoisequalto a wholetooth.

dropsintopositionbehindthetoothover

Thusthepowerstrokehasbeencompleted

intopositionforthefollowingstrokefrom

The sequenceofoperationsfromrightto

sameas thosefromleftto rightwiththeone

leftare exactlythe

exceptionthatpawl

A nowrotatesthewheel,whilepawl B ratchetsintoposition

overanothertooth.Hencethepowerstrokesproceedfromrightto

-.

—

-...

leftandfromleftto right,thewheelalwaysbeingrotatedclock- -—
wise.

.
Sinceitrequirestwostrokesof thearmaturetomovethe

4
wheelonetooth,and sincethewheelhas240teeth,it requires

480powerstrokesto rotatethewheelonecompleterevolution.

Hencetheinherentslowspeedof themotor.

Themaximumairgaprequiredin thismotorbetweenthearma- —,
tireandeitherpairofpolefacesisverysmall,actuallyabout

●

.
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gapvariesin operationfrom.008inchto zero,

gapis only.004inch. Hencetheefficiencyof

ishigh. Thisis accomplishedby usingratchet

teethof-smallpitch,andby thefactthata completepower

requiresan aiTgapof onlyone-halfthetoothpitch.

Referringto Fig.3, itwillbe seenthatthemagnetic

so

the
.
.—

stroke .-

pullbe-

tweentwoplanesurfaceswhichareseparatedby smallairgapsis_____,
neitherinverselyproportional to, the gapnoT to thesquareof the

. :--
gaP,butfollowsa lawof thefollowingform:1?= C - CIX+ C2X*- ——

t c~x~+. InthisequationF is themagneticforceorpull;

C, Cl,~ andCa areconstantsdeterminedby thesizeandshapeof

thepolesfacesandby thetotalmagneticflux;and X is thegaP _

betweenmagnetandarmature.

It wasfoundthatthemagneticpullin thismotorat zerogap

was1150~ams (2.54lbs.)andat .008inchgap,550grams(1.21

lbss). Thearmaturespringsthereforeweredesignedto equalize

thisvaryingmagneticforcesoas to givea pullof 850grams

(1.87 lbs.) throughout:%he wholepowerstroke.Thusthesprings __

. store3.05cm.-g.(-00264in.-lb.) of energyduringthelasthalf

of each~owerstrokeandreturnitduringthefirsthalfof the*

lowingpowerstroke.

Thealternateenergizingandde-energizingof theleftand

rightelectromagnetsis accomplishedby a distributordrivenby

fol-

a
-

constantspeedmotorin an averagecaseat about720R.P.M. This.

● distributormakesandbreakstheelectriccircuitforeachelectro-

magnetof themotoronceforeachrevolution.Henceat 720R.P.M.
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of thedistributorthemotorarmaturehas transmitted1440power —

strokesto theratchetwheel,thusproducinga motorspeedof three

revolutionsperminute,Thisspeedis readilycontrolledsothat

a rangeof fromzezoto 16,800powerstrokesperminutemaybe re-

alizeal.Thisgivesa motorspeedrangeof fromzezoto 35R.P.M.

By theuseof thismethodof commutation,andspeedcontrol,

itwill.beseenthatabsolutesynchronismbetweenanynumberofmo-

torsis readilyobtainedby merelytakingtlneircurrentsupplyfrom

thesamedistributor,Thusanynumberof instrumentsmaynotonly

be operatedinabsolutesynchronismwitheachother,but,if the

distributorbe chronometricallycontrolledj.absolutespeedregula-

tionandtimingmayalsobe realized.

Theperformanceof themotorina completelaboratorytest

provedentirelysatisfactory.Thistestwasconductedto determine,

first,thecompletespeedrange;second,themaximumtorques;third,.-.--
theeffectofvaryingthedistributor-commutatortime--contactratios;—
andfourth,thecurrentcon~medunderthedifferentconditions.

Thetime-contactratio,as hereused,meanstheratioof the

timethemotoris cutin circuitto thetimethemotoris cutout

of circuit..,”.Thetime-contact$atioistakenovertwocompletepower

strokesor onerevolutionof thedistributor-comutator.Thisis

alsocalleda cycleandtheamountof actualcontactis determined

by thenumberof degreesof commutationper cycle.

Itwillbe readilyunderstoodthatto obtainthebestefficien-

cy fromthemotor,thecurrentsuppliedthroughthedistributor-

commutatorshouldbe cutouttheinstantthearmaturehascompleted
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itspowerstroke.In orderto accomplishthisresult,withoutany

complication,thecorrectlengthof thedistributor-comtatorseg-

ment,whichmakesandbreaksthecircuitandthusproducesa power

stroke,wasdeterminedin thistestforall speedsandtorques. ..—

Thedataobtainedaretabulatedin Table1. Curvesshowing

thetorquesin gram-centimeters,speeds,degreesof commutation,

efficiencies,currentconsumedinamperes,horsepowersandthenum- .=

berof armaturereciprocationsperminuteareplottedon curvesheet—-.

Fig.4.

Thus,followingthedottedlines,startingat 10 or 20 RsP.Mc,

we mayfindtheothercharacteristicsof themotorforanyspecific

numberof degreesof commutationpercycle.

R.P.Ms. . . . . . , , . . . . . . 10 . . . . , . 20

Degreesof commutationpercycle 900. . . . - 270° —
Torque. . . . . . . . . . . . . 138 . . . . . 1?9

Efficiency. . . . . . . . . . . 0.91%. . . 0*92~

Currentamperes. . . . . . . . 0.20 . . . . 0.50

Horsepower. . . . . . . .

Armaturereciprocationper

Thenewtypeof power

followingspecifications:

. . . 1.8X1O-6. . . 4*9X1O-5

minute,4800 . . 9600

Results. —

sourceforaircraftinstrumentshasthe

.
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(1) Size:Length,1 3/8”(3.49cm);width1 3/lE’1(3.02cm);

hei@.t,7/811(2.22cm).
%.

(2) ‘Feight:75 ~s.

(3) Speedrange:O to 35 R.P.M~
.—

(4) Currentconsumption:0.1to 0.9amperesat 8 volts. .
(5) Torque(max.):2~3~6g.-cm. ..-
(6} Power(max.): 6 x 10-sHP.

:/
(7) Efficiency(max.): .99pepcent.

. As itmaybe interestingto comparetheimpulsemotorwith

D.C.governedseriesmoto~(Fig.!5)nowusedin theinstruments.

thecommitteethefollowingtable2s attached:

the

of

.

Size:2.5”(6.35cm)X2.51’(6.35cin)X4.21f(10.67cm).

Weight:750gins.

Speedrange:500- 2500R.P.M. -.
Currentconsumjjtion:Normal,1.75amps.at 8 volts.

Currentconsumption:Starting,10.5amps.at 8 volts. -._
Pgwer(~x.) at 108OR.P.M.= .0051HP.

Power(max.) at 1790R.P.M. = -@54 HP.

.
Efficiencyat 1080R.P.M.= 12,7percent.

Efficiencyat 1’790R.P.M.= 18.8percent.

Torquerequiredto turnstandardfilmdrumwithno reduc-

tiongearingvariesfrom27 g.-cm.to 270g~-cms

Efficiencyof combinedsystemof thistypeofmotorand

gearingwhendrivinga gooddrum= ,007percent,

* .

.
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Theadvantagesof theimpulsetype

workare:>

of motorforinstrument .-

(1) Sizeand shapepermiteasyinstallationin theinstrument—.—_.
base,thusprovidingspaceforadditionalapparatus,or making .—
possiblea materialreductioninthesizeof theinstrument.Its

volumeis 1.43cubicinches. ——
(2) Lightweight. ....—--
(3) Inherentlowspeed.

.
(4) Lowcurrentconsumption,thusdecreasingthenumberof -n

.
storagebatteriesnecessaryforaverageflightworkto approximately
\

---.
40per centof thepresentrequirement.

(5) Constanttorqueat thespeedrangeused.

(6) Highefficiencyforitssize.

(7) Absolutesynchronismof zerospeedvariationbetweenany

numberof likemotors.

(8) Normalspeedinstantaneouslyon closingtheswitch.

(9) Deadstopinstantaneouslyon‘openingtheSWi’~ch- —

(10) Remotecontrolof speedof allmotorsin operationfTom
. thedistributingsource.

(11) Longlifeduetolow-bearingpressures.

pressure300lbs/sq.in.(2)Main-bearingpressure

(12) Lowconstructioncostdueto: (1) Few

(1)Pawl-bearing

12 lbs/sq.in=

parts; (2)spool

typecoils; (3)eliminationof rotatingcontactsandbr~shes=
.-
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Table 1.

DirectCurrentSynchronousMotorPerformanceData.
1

Torque.
Gm~;m.

265—

232.6

200.5.

. 1’74.6

135.8.

103,5

84.1

64.’7

45.25

32.16

0.00

i

Degreesof CommutationperCycle.

45°

P.s.

o

.......
1,600

1,800

2,400

2,900

3,060

3,500

.....

4,800

7,000

Amp.

.131

....

.130

.115

b11

.10

.09

.08

.....

.075

a06

P.s.

o

.....

3,200

4,100

4,900

5,700

6,300

7,400

8,400

.... .

12,400

~

P.s.= Powerstrokesnerminute.

Amp.

.263

....

.24

.22

●19

.175

b17

.155

●15

....

,10

135°

P.s.

o

. . . . .

4,200

5,140

6,600

7,800
I

8,700;

9,600i

10,780

.......

14,000

Amp.

;3s&

....

.33

.30

.27

.24

.23

●20

.18

.-..

,16

P.s.

o

. . . . .

5,100

6,400

8,000

9,300

11,000

12,400

● ✎ ✎✎✍✎

. . . . . .

15,100

~m.:.

.-

.-

.523”—
.-.

. . . .

.41

.38”“-

.33-‘-
.-

.31
---

.29 ““

.25

.b,

,-.

.19

Amp.= Currentcong~m~dat 8 volts.

.

,
*
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TahleI (Cont.)

DirectCurrentSynchronousMotorPerformariceData.

●

DeareesOf CommutationperCyclea

225°
.-

315°
T~rque

G.%m.
2700

Amp.P*S= Amp. Amp,

.788

.67

.53

E...

.49

.42

....

.39

..-.

.... .

.29

P.s.

o

5,400

8jQ20.

......

103800

12,000

......

13,800

.....0

..-..-

16,800

?.s.

0

6,600

loy~oo;

.......

12,500

......

.....-

14,800

.......

.....0.

17,000

..
-9i~-”o

.....

6,000

7,920

8,800

11,000

m.....

12,400

......

......

16,200

265 .656

.69

..57

232.6 . . . .

.49
..,--

200.5—
:>. 174.6 .45

.41

.34

. . .

*51
_-

. 135.8 -. .
—.v.

103.5 . . . .

84.1 ..-.

.42

. . . .

*3264*7

45.25 . ..0. . .

32.16 . . . .

.36

z-,.

.23

—- .

0,00

P.S.~ Powerstrokesperminute.
Amp. = Currentconsumedat 8 volts-

-!
.

.
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Armaturereciprocation

/

1 Verticalshift 7 Armaturesprings
2 FQtchetxeel 8 Base
3 l?aml“An 9 Fieldcoils
4 PawlfiB~ 10 Fieldpoles
5 P%.v1br~cket~ 11 Leftelectroma&net
6 Armature . “12 Right n

Fig.2 D~agratiaticdrawingof directcurrent
synchronousmotor,
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Magnetic

1010
990
7g

?
4:;
3i5
330
290
265

:-~
’55

k
Airgapin inches

Fig.J ~gnet.i~forcevariationforwall airgzps

force

g*
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Comrmta%icnperoyole

~.450
i.
=1350 5=225° 7.31,55
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5
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K
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00 50 100 - 150 2oa 250 ,6 ,6 .4 ,2 0

@4
Torque

Per~ormanoechartof type
ingrm-omt~meters Cur2~n&amperer3
!lBildireoto~ren~ .gynchrono~srnotm?
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